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I review the bounds on the R-parity-violating supersymmetric Yukawa couplings from the considerations of
proton stability, n{n oscillation, e-Majorana mass, neutrino-less double  decay, charged-current universality,
e{{ universality, {e scattering, atomic parity violation,  deep-inelastic scattering, K
+-decays,  -decays, D-
decays and from the precision LEP electroweak observables. I also mention about the sparticle bounds at colliders
when the assumption of R-parity-conservation is relaxed. Finally, I mention how R-parity-violating models have
been invoked in an attempt to explain the reported excess in ALEPH 4-jet events.
1. INTRODUCTION
‘R-parity’ in supersymmetry (SUSY) refers to a
discrete symmetry which follows from the conser-
vation of lepton-number (L) and baryon-number
(B) [1]. It is dened as R = (−1)(3B+L+2S),
where S is the intrinsic spin of the eld. R is
+1 for all standard model (SM) particles and
−1 for all super-particles. However, B- and L-
conservations are not ensured by gauge invari-
ance and hence there is apriori no reason to set
these couplings to zero. It is, therefore, a phe-
nomenological excersize to constrain these cou-
plings from observed and unobserved phenomena
in nature. Minimal SUSY requires the presence
of two Higgs supereld doublets and one of their
gauge quantum numbers are the same as those
of the SU(2)-doublet lepton supereld. So, in
the Yukawa superpotential, the latter can replace
the former, if one sacrices the assumption of
L-conservation. If one sacrices the assumption
of B-conservation as well, no theoretical consid-
eration prevents one to construct a Yukawa in-
teraction involving three SU(2)-singlet quark su-
perelds. These lead to explicit breaking of R-
conserving interactions, which are parametrized
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where Li and Qi are the SU(2)-doublet lepton




i are the sin-
glet superelds; ijk is antisymmetric under the
interchange of the rst two SU(2) indices, while
00ijk is antisymmetric under the interchange of the
last two. Thus, in total, there are 27 0-type and 9
each of - and 00-type couplings, thereby adding
45 extra parameters in the minimal SUSY.
1.1. Cosmological implications
The requirement that GUT-scale baryogenesis
does not get washed out imposes 00  10−7;
however, these bounds are model dependent and
can be evaded [3]. The 0 couplings alone cannot
wash out the initial baryon asymmetry. But, they
can do so in association with a B-violating but
(B−L) conserving interaction, such as sphaleron-
induced non-perturbative transitions. The latter
processes conserve 1
3
B − Li for each lepton gen-
eration, and hence the conservation of any one
lepton generation number is enough to retain the
initial baryon asymmetry. We, therefore, assume
that the smallest of the 0-type coupling is less
than  10−7 to avoid any cosmological bound on
the remaining of them.
22. LOW ENERGY PHENOMENOLOGY
2.1. Proton stability
Non-observation of proton decay places very
strong bounds on the simultaneous presence of
both L- and B-violating couplings; generically
000  10−24. However, it has been noticed [4]




−2. A few other com-
binations (e.g., 0312
00
331) can be constrained only
from unitarity [5,6].
2.2. n{n oscillation
The contributions of the 00121- and 
00
131-induced
interactions to n{n oscillation proceed through
the process (udd ! ~did ! ~g ! ~di d ! u d d).
In the ref.[7], the intergenerational mixing was
not handled with sucient care. In the updated
analysis [6], the constraint on 00131 has been es-
timated to be  10−4 − 10−5 for ~m = 100 GeV,
while that on 00121 is shown to be weaker (diluted
by a relative factor of m2s=m
2
b). It has, however,
been shown in the same paper [6] that the best
constraint on 00121 comes from the consideration
of double nucleon decay into two kaons and the
bound is estimated to be  10−6 − 10−7.
2.3. e-Majorana mass
- and 0-type couplings can induce a Majo-
rana mass of e by self-energy type diagrams.
An approximate expression for the induced e-








Assuming MSUSY = ~m, the 133-induced inter-
action with  ~ loops yields the constraint (1)
133  3  10−3 for m~ = 100 GeV [8]. On
the other hand, the 0133-induced process with b
~b
loops leads to 0133  10
−3 for m~b = 100 GeV [9].
2.4. Neutrinoless double beta decay
It is known for a long time that neutrinoless
double beta decay (0 ) is a sensitive probe of
lepton-number-violating processes. In R-parity-
violating scenario, the process dd ! uue−e− is
mediated by ~e and ~γ or by ~q and ~g, yielding
0111  10
−4 [10,11]. Recently, a new bound on
the product coupling 0113
0
131  3  10
−8 has
been placed from the consideration of the dia-
grams involving the exchange of oneW boson and
one scalar boson [12].
2.5. Charged-current universality
Universality of the lepton and quark couplings
to the W -boson is violated by the presence of -
and 0-type couplings. The scalar-mediated new
interactions have the same (V − A) ⊗ (V − A)
structure as the W -exchanged diagram. The ex-
























r0ijk is dened using 
0
ijk analogously as rijk.
Assuming the presence of only one R-parity-
violating coupling at a time, one obtains, for a
common ~m = 100 GeV, 12k  0:04 (1) and
011k  0:03 (2), for each k [13].
2.6. e{{ universality
The ratio R  Γ( ! e)=Γ( ! ), in the
















A comparison with experimental results yields,
for a common mass ~m = 100 GeV and at 1,
011k  0:05 and 
0
21k  0:09, for each k, assuming
only one coupling at a time [13].
Similarly, from the consideration of R 
Γ( ! e)=Γ( ! ), one obtains, 13k 
0:10 and 23k  0:12, for each k, at 1 and for
~m = 100 GeV [13].
2.7. {e scattering
The neutrino-electron scattering cross section

















where in the presence of R-parity-violating inter-
actions (xW  sin
2 W )

















The derived constraints (at 1) are 12k  0:34,
121  0:29 and 231  0:26 for ~m = 100 GeV
[13].
2.8. Atomic parity violation
The parity-violating part of the Hamiltonian of




(C1ieγγ5eqiγqi + C2ieγeqiγγ5qi) ;(8)
where, i runs over the u- and d-quarks. For the
denitions of the Ci’s in the SM , see any Re-
view of Particle Properties (e.g., ref.[14]). The














































Including the eects of radiative corrections, the
1 bounds are 011k  0:30; 
0
1j1  0:26 for
~m = 100 GeV [13]. Bounds on 12k are much
weaker than those obtained from charged-current
universality.
2.9.  deep-inelastic scattering
The left- and the right-handed couplings of the
d-quark in neutrino interactions are modied by

























The derived limits, for ~m = 100 GeV, are 021k 
0:11 (1) and 02j1  0:22 (2) [13].
2.10. K+-decays
Consideration of only one non-zero R-parity-
violating coupling with indices related to the
weak basis of fermions, automatically generates
more than one non-zero coupling with dier-
ent flavour structure in the mass basis. Con-
sequently, flavour-changing-neutral-current pro-
cesses are naturally induced. The Lagrangian









where V is the CKM matrix. The SM contri-
bution is an order of magnitude lower than the
experimental limit. Assuming that the new in-
teraction dominates, one obtains, from the ratio
of the Γ(K+ ! +ii) to Γ(K+ ! 0e), the
constraint 0ijk  0:012 (90% CL), for m ~dk
R
= 100
GeV and for j = 1 and 2 [15].
2.11.  -decays
The decay − ! ud proceeds in the SM
by a tree-level W -exchanged graph. The scalar-
exchanged graph induced by 031k can be written
in the same (V − A) ⊗ (V − A) form by a Fierz
rearrangement. Using the experimental input
Br(− ! −) = 0:117 0:004; (12)
f = (130:7 0:1 0:36) MeV:





The tree-level process c ! se+e is mediated
by a W exchange in the SM and by a scalar boson
exchange in 0-induced interaction. By a Fierz
transformation it is possible to write the latter in
the same (V −A) ⊗ (V −A) form as the former.
Using the experimental input [14]:
Br(D+ ! K0+)
Br(D+ ! K0e+e)
= 0:94 0:16; (13)
one obtains, at 1, 012k  0:29 and 
0
22k  0:18,
for m~q = 100 GeV [16]. The form factors associ-
ated with the hadronic matrix elements cancel in
the ratios, thus making the prediction free from
the large theoretical uncertainties associated with
those matrix elements.
3. LEP PRECISION MEASUREMENTS
The partial decay widths (Γi) of the Z boson
into light fermions receive sizable triangle-loop
4Table 1
The most stringent constraints on R-parity-violating couplings for ~m = 100 GeV (m = 1; 2; n; l = 1; 2; 3).
The remaining four 00-couplings, which are not listed below, are constrained only from the requirement
of perturbative unitarity ( 1.25) [5,6]. Note, in the last row n 6= l.
(12n) 0.04 (a) (13n) 0.10 (b) (23n) 0.09 (c)
(1mn)0 0.012 (d) (2mn)0 0.012 (d) (3mn)0 0.012 (d)
(131)0 0.26 (e) (231)0 0.22 (g) (331)0 0.26 (h)
(132)0 0.4 (f) (232)0 0.4 (f) (332)0 0.26 (h)
(133)0 0.001 (i) (233)0 0.4 (f) (333)0 0.26 (h)
(112)00  10−6 (j) (113)00  10−4 (k) (3nl)00 0.97 (l)
(a): Charged-current universality (1) [13], (b): Γ( ! e)=Γ( ! ) (1)
[13], (c): Γ( ! )=Γ( ! e) (1) [13], (d): K+-decay (90% CL) [15],
(e): Atomic parity violation and eD asymmetry (1) [13], (f): t-decay (2)
[15], (g):  deep-inelastic scattering (2) [13], (h): Z decay width (1) [17],
(i): e mass (1) [9], (j): double nucleon decay (1) [6], (k): n{n oscillation
(1) [6], (l): Z decay width (1) [18].
corrections when heavy chiral fermions float in-
side the loops. The 0ijk-induced vertex correc-
tions involve new triangle diagrams contributing
to Γl with Z; l
+ and l− as external lines where
i = lepton, j = quark, k = squark indices or i =
lepton, j = squark, k = quark indices. Such cou-
plings also add corrections to Γhad through tri-
angle diagrams where the external lines are Z; q
and q in a situation where, for example, i =
slepton, j = quark (squark) and k = squark
(quark). Since the heaviness of the chiral fermion
in the loop is the crucial factor in determining
the size of the new contributions, only 0i3k-type
couplings involving internal top quark lines are
constrained signicantly by such processes [17].
Similarly, the 00-induced corrections to the de-
cay vertices Z ! qq also add sizable corrections
to the hadronic partial widths [18]. Consequently,
for ~m = 100 GeV and at 1, the following bounds
emerge (Rl = Γhad=Γl):
2
013k  0:51 R
exp
e = 20:850 0:067;
023k  0:44 R
exp
 = 20:824 0:059;
033k  0:26 R
exp
 = 20:749 0:070; (14)
003jk  0:97 R
exp
l = 20:795 0:040:
2While extracting limits on 00, leptonic universality in Rl
is assumed since 00-Yukawa’s do not involve any leptonic
flavour.
The above experimental input are collected from
the LEP Electroweak Working Group report [19].
4. DIRECT SEARCHES AT COLLIDERS
4.1. LEP1
In the R-parity-violating scenario, the LSP is
unstable. The OPAL Collaboration at LEP [20]
have assumed the photinos to be the LSP’s de-
caying via a 123-type coupling. They excluded
at 95% C.L. m~γ = 4{43 GeV for m~eL < 42 GeV,
and m~γ = 7{30 GeV for m~eL < 100 GeV.
The ALEPH Collaboration at LEP [21], deal-
ing with a more general -type coupling and
considering a general LSP rather than a pure
photino, have updated the above exclusion zone
and have also reported their negative results on
other supersymmetric particles up to their kine-
matic limit (< MZ=2).
A lighter photino ( 2{3 GeV) in conjunction
with a R-parity-violating coupling provides a new
semileptonic B-decay mode (b ! ce~γ). Arrang-
ing such that the photino does not decay within
the detector, the above channel adds incoherently
to the standard semileptonic decay mode. How-
ever, the new mode, owing to the massive na-
ture of the photino, arranges a dierent kinematic
conguration compared to the standard channel
where neutrino carries the missing energy. A
kinematic exploration of the above has been car-
5ried out in the context of LEP and CLEO [22]3.
4.2. LEP2
The  -number-violating operators were studied
in the context of LEP2 in ref. [9]. Like-sign di-tau
events accompanied by jets without any missing
ET were predicted as the most spectacular signals
of such interactions.
Indirect eects of R-parity-violating couplings
through deviations in the angular distributions
of e+e− ! f f due to the induced sfermion-
exchanged diagrams have been studied [24] at
LEP2 energies.
4.3. Fermilab Tevatron
The impact of the 0-type couplings in t-quark
decay at the Tevatron have been analysed in ref.
[15]. One of the consequences is the following: In
the SM, the dominant decay mode is t ! bW .
The 0i3k-type couplings will induce tL !
~l+i dRk
(if kinematically allowed), followed by ~l+i ! l
+ ~0
(100%) and ~0 ! (i + b+ dk; i + b+ dk) lead-
ing to nal states with at one lepton, at least one
b-quark and missing ET . The characteristic fea-
tures of this decay channel are that it spoils the
lepton universality and for k = 3 produces addi-
tional b-quark events.
Strategies of setting squark and gluino mass
limits from multilepton nal states in the absence
of R-parity-conservation have been discussed in
ref. [25].
5. ALEPH 4-JET ANOMALY
On the basis of the LEP 1.5 run at
p
s = 130
{ 136 GeV, the ALEPH Collaboration have re-
ported [26] an excess number of events in e+e− !
4 jets channel. They observed 16 events where the
SM predicts 8.6. The excess 9 events have a 4-
jet invariant mass M = 105 GeV. There have
been a few attempts to explain this anomaly by
invoking the R-parity-violating couplings:
1. Refs.[27,28] consider the pair production of
sfermions by gauge interactions and their
subsequent decays by L-violating (slepton
decays [27])- or B-violating (squark decays
3Light photino with R-parity-violation has been employed
[23] to resolve the KARMEN anomaly.
[28])- couplings to quarks. Thus, although,
notionally these lead to 4-jet nal states,
owing to small sfermion production cross
section, enough number of events do not
survive after the imposition of the ALEPH
cuts.
2. Ref.[29] considers, as the most optimistic
option, the pair production of charginos
(e+e− ! ~+ ~−), followed by ~+ !
~01(LSP)+W
+ , and nally the 00-induced
decay ~01 ! uidjdk (and similar combina-
tions) via virtual squark states. If the o-
shell W ’s decay hadronically, then there
are 10 jets in the nal states, which are re-
quired to merge into 4 somewhat fat jets.
This has been claimed as a viable option.
In the case of leptonic decay of one W , the
nal state leptons can escape detection by
lying within the jets and after jet-merging
a few 4-jet events still survive.
3. Ref.[30] interpretes the observed excess
in 4-jet events as e+e− ! ~+ ~− !
dj dk djdk
+−, where the chargino decays
are induced by 03jk-couplings. Thus, the -
nal states contain 4 jets and 2 soft  ’s which
are experimentally reconstructed as 4 jets.
4. Ref.[31] considers the pair production of
charginos and nds the best solution to be
~−1 !
~t1b! dsb (the ~t1 decay is induced by
00), with the extremely soft b evading de-
tection as a result of the kinematic choice:
m~1 ’ 60 GeV and m~t ’ 52 GeV.
The main message that can be read from the
above analyses is that the pair production cross
section of charginos are sigicantly higher than
those of the sfermions (and also higher than neu-
tralino pair production cross section) and, there-
fore, even after paying the price of losing events
while imposing the kinematic cuts during cas-
cades following the decays of the charginos, re-
quired number of events still manage to survive
resembling the 4-jet excess. But, most impor-
tantly, before speculating further, one should wait
and see whether these anomalous events stand the
test of time!!
66. CONCLUSION
In this talk, I have reviewed the existing bounds
on the R-parity-violating couplings from low en-
ergy data and from LEP1 data. While the low
energy data tend to constrain more the couplings
involving the lighter generations, the LEP data
are rather sensitive to couplings involving the
third generation. The implications of R-parity-
violation on direct searches at colliders are also
mentioned. The excess 4-jet events at the LEP
1.5 run reported by the ALEPH Collaboration
could nd a natural explanation in the R-parity-
violating atmosphere.
The issues of R-parity-violation in the context
of Grand Unication were discussed by F. Vissani
and the renormalization group evolutions of those
couplings with an emphasis on the xed point so-
lutions were discussed by V. Barger in this Con-
ference.
I thank D. Choudhury, J. Ellis, A. Raychaud-
huri and K. Sridhar for stimulating collaborations
on various aspects of R-parity-violation. I also
thank the Organizers of SUSY 96 for invitation.
REFERENCES
1. C.S. Aulakh and R.N. Mohapatra, Phys. Lett.
B119 (1982) 136; L.J. Hall and M. Suzuki,
Nucl. Phys. B231 (1984) 419; J. Ellis et al.,
Phys. Lett. B150 (1985) 142; G.G. Ross and
J.W.F. Valle, Phys. Lett. B151 (1985) 375;
S. Dawson, Nucl. Phys. B261 (1985) 297;
R. Barbieri and A. Masiero, Nucl. Phys. B267
(1986) 679.
2. A. Bouquet and P. Salati, Nucl. Phys. B284
(1987) 557; B.A. Campbell, S. Davidson, J.
Ellis and K. Olive, Phys. Lett. B256 (1991)
457; A. Nelson and S. Barr, Phys. Lett. B246
(1990) 141.
3. H. Dreiner and G.G. Ross, Nucl. Phys. B410
(1993) 188.
4. C. Carlson, P. Roy and M. Sher, Phys. lett
B357 (1995) 99.
5. B. Brahmachari and P. Roy, Phys. Rev. D50
(1994) 39.
6. J.L. Goity and M. Sher, Phys. Lett. B346
(1995) 69.
7. F. Zwirner, Phys. Lett. B132 (1983) 103.
8. S. Dimopoulos and L.J. Hall, Phys. Lett.
B207 (1987) 210.
9. R.M. Godbole, P. Roy and X. Tata, Nucl.
Phys. B401 (1993) 67.
10. R.N. Mohapatra, Phys. Rev. D34 (1986)
3457.
11. M. Hirsch, H.V. Klapdor-Kleingrothaus, S.G.
Kovalenko, Phys. Rev. Lett. 75 (1995) 17.
12. K.S. Babu and R.N. Mohapatra, Phys. Rev.
Lett. 75 (1995) 2276.
13. V. Barger, G.F. Giudice and T. Han, Phys.
Rev. D40 (1989) 2987.
14. Particle Data Group, Phys. Rev. D50 (1994)
1173.
15. K. Agashe and M. Graesser, hep-ph/9510439.
16. G. Bhattacharyya and D. Choudhury, Mod.
Phys. Lett. A10 (1995) 1699.
17. G. Bhattacharyya, J. Ellis and K. Sridhar,
Mod. Phys. Lett. A10 (1995) 1583.
18. G. Bhattacharyya, D. Choudhury and K.
Sridhar, Phys. Lett. B355 (1995) 193.
19. The LEP Collaborations ALEPH, DELPHI,
L3 and OPAL, and the LEP electroweak
working Group, preprint CERN-PPE/94-187
(1994).
20. The OPAL Collaboration, P.D. Acton et al.,
Phys. Lett. B313 (1993) 333.
21. The ALEPH Collaboration, D. Buskulic et
al., Phys. Lett. B349 (1995) 238.
22. G. Bhattacharyya and A. Raychaudhuri,
Phys. Lett. B374 (1996) 93.
23. D. Choudhury and S. Sarkar, Phys. Lett.
B374 (1996) 87.
24. D. Choudhury, Phys. Lett. B376 (1996) 201.
25. D.P. Roy, Phys. Lett. B283 (1992) 270.
26. The ALEPH Collaboration, D. Buskulic et
al., CERN preprint PPE/96-052, 1996.
27. V. Barger, W.Y. Keung and R.J.N. Phillips,
Phys. Lett. B356 (1995) 546.
28. A.K. Grant, R.D. Peccei, T. Veletto and K.
Wang, hep-ph/9601392.
29. D.K. Ghosh, R.M. Godbole and S. Raychaud-
huri, hep-ph/9605460.
30. H. Dreiner, S. Lola and P. Morawitz, hep-
ph/9606364.
31. P.H. Chankowski, D. Choudhury and S. Poko-
rski, hep-ph/9606415.
